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ABSTRACT 
 
The topic of this thesis is to outline the production of a mobile research and 
diagnostics lab (MDL) designed and constructed by Iowa State University student 
researchers with faculty guidance as an experiment in the development of research 
infrastructure. The development of the MDL was divided into five phases and took place 
over the course of twenty-five months. Concept, Research, Design, Construction 
Documents, and Construction were utilized in the creation of the MDL with each phase 
dealing with different aspects of the projects final form. This process is documented within 
this thesis by the lead designer, researcher, and construction manager of the project. By 
documenting and understanding how the projects multiple phases occurred, innovative 
solutions to new prototypes for materials and wall assemblies can be produced and further 
research infrastructure can be developed. The lab’s potential impacts on building sciences 
are discussed as they relate to university research infrastructure, attained research 
capacities, and interdisciplinary research opportunities. The MDL is a mobile facility which 
creates opportunities for research to occur through the assembly of systems and 
technologies which aid in research. 
Enabling experimentation with environmental qualities, conditions and assemblies 
this experimental space can be utilized to develop solutions to building envelope design 
that respond to the approaching energy crisis brought on in part by traditional building 
methods. Providing an opportunity for cooperative research in building science provokes 
engagement of actors from disparate fields with issues of energy utilization in the built 
environment. By exposing multiple disciplines to issues of energy utilization in the built 
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environments new approaches to old problems can be formed. Understanding how issues 
of energy utilization impact the building design process can lead to a reduction of 
unnecessary energy expenditures as well as environmental degradation. Disrupting existing 
patterns of design and construction in the form of new methods and thought processes 
requires a way of invoking change. A means of testing and measuring design solutions to 
energy issues requires a platform capable of both hosting experiments and relaying data for 
analysis. 
The goal of this thesis to support future development of building science research 
infrastructure through the documentation and analysis of the production of this Iowa State 
University mobile research lab called Mobile Diagnostic Lab (MDL) and communicate the 
lessons learned. Analyzing the development of an interdisciplinary research platform known 
as the MDL, its potential impacts on the built environments are explored and discussed.
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CHAPTER 1:  INTRODUCTION 
 
The mobile research and diagnostics lab described throughout this dissertation was 
constructed by an interdisciplinary team of nine student researchers a part of the Center for 
Building Energy Research (CBER) at Iowa State University (ISU). This team is composed of 
undergraduate and graduate researchers in fields of architecture, electrical, mechanical, 
civil engineering, and computer science supervised by respective faculty affiliates to the 
center. The team engages in research by pooling their combined expertise and research 
outcomes to document and publish research at academic conferences for the advancement 
of building science knowledge. The goals of the research team include developing 
publishable research in the areas of building science and alternative technologies while 
ensuring its access to the public through both journals and online databases where 
information is stored. By engaging in research in this way not only are individual researchers 
made more aware of issues that cross disciplines but they are better able to respond to 
them. As a research group CBER utilizes technology and human analysis to conduct and 
review research for the betterment of our society. 
The CBER team has developed multiple tools and facilities for aiding in their 
research, a few examples include a mobile data acquisition system, a mobile weather 
station, and a community design lab known as the Interlock House (CBER, 2017). As 
equipment each of these tools features a system of data collection and feedback which is 
utilized for research into building science and the operation of energy-efficient building 
technologies. As a building science researcher myself I have spent time living in and 
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researching the Interlock House as well as operating its components (Jeanblanc, 2016). The 
house is composed of a series of technologies which work to either reduce or replace 
traditional energy supplies to develop new ways of building and living within our homes. As 
a tool the Interlock House provides data feedback which is readily accessible online though 
it is located more than 3 hours from Iowa State’s Campus making it otherwise difficult to 
interact with. The data acquisition system and method used within the Interlock House has 
been adapted to produce a mobile data acquisition system known as the MiDAS which has 
the capability to collect data from any space it is deployed within. Both of these 
technologies have been utilized in CBER research and published results have been attained. 
Yet, they also both feature drawbacks. While the Interlock House has many different 
heating, cooling and energy systems and an intricate data feedback system for monitoring 
its performance, it is not owned by Iowa State and therefor access can be limited. The 
MiDAS works as a transportable unit for collecting data but without a structure to analyze 
no data can be ascertained. In order to resolve both of these issues the CBER team 
developed an idea for a mobile unit which could act as both a contained space and data 
feedback system, known as the mobile diagnostic lab (MDL). 
Funding for the MDL was received from the National Science Foundation (NSF) as a 
part of their established program to stimulate competitive research (National Science 
Foundation). This program, in conjunction with CBER’s own funding provided through the 
university for Iowa economic development, was utilized in the purchasing of materials and 
systems as well as in the funding of student and contractor labor. The goals of NSF/EPSCoR 
in relation to our funding were to develop research infrastructure which could continue to 
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provoke and sustain research in the future. The program was a temporary stimulus and the 
need to continue to gather funding in the future was to be addressed within the 
development of the research infrastructure. 
As the author of this thesis as well as the lead designer/researcher and construction 
manager for the MDL project my role as well as perspective on the project is documented 
within this thesis. By engaging in all aspects of the project from early concept to final stages 
of construction, insight into phasing, material and process needs, as well as contractor and 
vendor coordination has be documented and discussed. My personal and professional 
connection to this project allowed me to both document and respond to issues as they 
arose throughout the phases bringing with me knowledge of the projects design intention 
and current stages of development. This allowed for decisions to be made quickly and 
efficiently during the projects development as coordination was completed through a single 
channel. 
As a designer and researcher I bring with me a background of building science 
focusing on human comfort in thermal environments using data feedback systems as well as 
extensive architectural design experience. These two areas of interest combine within this 
research project to produce a space which is meant to inform its users in the areas of 
building science and architectural design by creating opportunities for experimentation and 
research. Leveraging my experience with data systems and human based design the final 
project brings together building science and architecture to produce new and innovative 
solutions to our built environments. 
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The MDL was developed and constructed to increase building science research 
capacity and provide a platform for cross discipline engagement at the university level. 
By providing a module and method for testing new materials and assemblies this lab is 
meant to provoke innovative solutions to the ways we understand and construct our 
built environment.  
Beginning with the thought processes provoking the mobile lab this thesis 
describes how architectural design and energy consumption effect the production of 
our built environment. First, the thesis addresses the question of how a lab which 
responds to these issues by increasing research capacity could be produced. This 
section is followed by the documentation of the process of constructing a mobile lab. 
The thesis concludes with an analysis of the question of how research capaci ties are 
enhanced by the mobile lab. A discussion of its impacts on education and built 
environments conclude the thesis. 
Architecture 
In a recent article published in Arch Daily Steven Holl defines architecture using only 
four words Abstract, Use, Idea, and Space. Holl suggests that architecture is that art of 
taking an abstract idea and making it into useable space (What is Architecture? 2017). 
Architecture as a profession is meant to be a continuous practice of assembling 
environments derived from human needs, through the logical and practical planning of our 
built environment. Architecture as the composition of an environment suggests that rather 
than making a space architects must identify and assemble environments which provide or 
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sanction access to resources. By understanding architecture in this respect the practice 
becomes the identification of environmental qualities and components in lieu of only 
producing experiential designs.  
Our built environments consume energy during construction, operation, and 
demolition with sources suggesting 20-40% of domestic usage coming from our buildings 
(Perez-Lombard, 2008). Architecture is a physical product of our society and as a result the 
design and construction of the built environment impact access to resources and energy 
consumption through the way materials are appropriated.  The extent of this is partially 
dictated during the design and assembly of our environments as materials and resources 
are allocated to spaces.  
Design processes are utilized in the creation of experiential spaces but they can also 
be used to counteract excess energy consumption by exposing design considerations to a 
variety of expertise. Engaging a wide range of experts during the beginning stages of a 
project can impact the scope and resilience of the final product. This engagement called 
integrative design can be coordinated by architects who document and present the 
information produced by this process. This process of embedding technical and cultural 
values spread across the field of building science creates built environments which are both 
functional and aesthetic in their usage of energy while preserving these traits within our 
infrastructure. Rather than produce interesting or engaging designs architects have the 
ability to bring together not just material, color, and light, but people, who have the ability 
to change how these environments affect both individuals and society.  
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Energy 
Energy and architecture are innately tied together during the early design stages of a 
built environment. From the beginning of the design, during construction, and even while 
operating a building, energy is required to make our environments tangible and habitable. 
As society’s relationship with energy changes over time new ways of understanding it must 
be provoked in order to respond to energy issues in our built environment. The ways we 
derive our energy from the environment as well as how we utilize it are constantly 
changing.  As our cities continue to grow more complex, efficient and responsible use of 
space is essential to planning. The design of infrastructure which disregards its impacts on 
energy usage contributes to excessive environmental degradation and pollution (Christoff, 
2016). This act of polluting our environment and depleting resources prompts a need for 
tools and theoretical frameworks that afford a conscious consideration of energy and 
material resources within planning. 
Our built environment utilizes energy during its design, construction, operation, and 
demolition. As of 2014 more than 54% of the U.S. population resides within urban areas and 
the energy consumption of buildings exceeds other infrastructure such as transportation 
(WHO, 2017). Understanding how energy consumption is affected by our built environment 
can impact small and large scale environmental degradation of resources. Energy 
consumption and the production of greenhouse gases results from the way our built 
environments are designed and operated and is exacerbated by the rate and way in which 
we construct them. In the face of climate change, adaptations to this issue become 
increasingly important as the effects progress and become more obvious. 
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“The balance of evidence, from changes in global mean surface air temperature and from 
changes in geographical, seasonal and vertical patterns of atmospheric temperature, 
suggests a discernible human influence on global climate.” 
- Intergovernmental Panel on Climate Change (IPCC, 1995) 
 
The world of science is in strong agreement that changes to global climate are 
occurring in response to human activities, yet changes to this behavior have not yet fully 
permeated the development of our built environment. Robert Wilby discusses some of the 
ways in which our surroundings and ecological health are impacted by our built 
environments in his 2007 paper titled A review of climate change impacts on the built 
environment, and while change is happening there is still a strong need for new approaches 
to sustainable development which consider its effects on the long term success of our 
environments (Wilby, 2007).  
Interest in energy comes from the benefits it can provide to individuals in the form 
of actions which are supplemented by external sources to make our lives easier. A single 
person has a limited amount of energy to do work, but through systems of production, 
distribution, and utilization individuals in contemporary society are able to impact the world 
around them like never before. Tapping into these networks of energy provides access to 
resources which affect the level of affluence a society has (Dietz, 1994). 
In order to understand the impacts our planning decisions can have on energy usage 
new methods of analysis must be developed. Use of energy modeling tools during the 
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design process can aid in the production of architecture that responds to concerns of 
energy consumption by systems. In the design and construction of the building envelope 
materials are chosen and assembled which have an intrinsic thermal value known as R-
value. This value is used to determine the rate at which heat moves through a material and 
the greater R-value an assembly has the less energy it requires to maintain interior 
environmental conditions. The tools developed to accomplish envelope energy analysis use 
an iterative process, yet are limited in the amount of prediction they can provide due to 
uncertainty. In a paper by Emily Ryan various tools for modeling energy are compared and 
their limitations discussed (Ryan, 2012). These tools are constantly evolving and must begin 
to address issues of building life cycle and user operation. While our ability to measure the 
world continues to improve we are still unable to foresee every variable within a system. 
The limitations of these tools are rivaled by the ability for direct measurement to occur 
before an assembly is constructed (Crawley, 2008). Without a means for testing 
experimental assemblies based on thermal consumption as an indicator of energy usage, 
existing patterns of building our environment will persist to impact our environments and 
individual health in negative ways (Rosen, 2001). 
Energy usage at the human level is a response to environmental variables and 
internal motivations to acquire food and shelter but one thing is for certain, energy is 
required to live (Leonard, 2010). Through time, human’s relationship with energy has 
changed and our needs for cheap and accessible energy supplies continue to rise. As we 
age, our bodies break down and the usage of energy becomes more and more difficult to 
expend. The expansion of human life, alongside this, pushes society to utilize energy in ways 
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that make living easier - without regard for the environmental cost. By designing 
architecture in a way that considers the impacts of energy consumption unnecessary 
environmental degradation and human health concerns can be avoided. 
 
Perfect Wall 
Attempting to fix one solution to energy conservation within our built environment 
can be an overpromising feat as our changing climate threatens to undermine these 
designs. The idea of the perfect wall was developed by the Building Science Corporation to 
be a resilient material assembly both energy efficient and longstanding. This wall is 
designed to stand for a length of 
500 years and incorporates 
materials with a lifespan capable 
of accomplishing this (BSI, 2010). 
While on their own the 
individual materials would 
weather away before the 
lifespan of the perfect wall, the 
assembly of these components 
into a building system allows 
them to withstand the test of 
time by relying on adjacent 
material properties. While this Figure 1. Perfect Wall Diagram 
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wall may seem “perfect” in its description it does not address the idea that a wall is more 
than just an environmental separator. This perfect wall must be installed perfectly as well 
and detailed to respond to specific climate zones and environmental conditions, not an easy 
feat (US Department of Energy, 2016).  
 
This thesis questions the notion that there can be a perfect wall and suggests in its 
place that a wall which cannot adapt to a changing context will become obsolete due to 
factors outside of environmental performance. The need for solutions to our built 
environment which engage the perspective and expertise of multiple disciplines is now 
more pertinent than ever. Had the inventors of the “perfect wall” considered the impacts a 
changing climate could have on this type of technology a more usable solution could have 
been achieved. Solutions which are formed with consideration for predicted changes to 
climate bring together innovative and discursive disciplines to produce assemblies which 
respond to issues outside of a single research field. 
 
Research Infrastructure 
The need to increase interdisciplinary research infrastructure in the area of building 
science is important in order to address issues of energy utilization within our built 
environment. This is the key goal of the MDL and w guided its development during 
development and production. Of course the question of what is research infrastructure 
must be defined in order for the MDL’s qualifications to be assessed. The building of 
research infrastructure is done as a way of enabling scientific work to be completed, 
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improved, and published. Defined by the Directorate-General for Research European 
Commission, research infrastructure is described as follows; 
“research infrastructure” means facilities, resources and related services that are used by the scientific 
community to conduct top-level research in their respective fields and covers major scientific equipment or sets 
of instruments; knowledge-based resources such as collections, archives or structures for scientific information; 
enabling Information and Communications Technology-based infrastructures such as Grid, computing, 
software and communication, or any other entity of a unique nature essential to achieve excellence in 
research. (Directorate-General for Research and Innovation 2010) 
This definition offers a set of guidelines and parameters for justifying what should be 
considered substantial research infrastructure. Breaking down the definition into its 
composed categories allows for a more comprehensive review of what research 
infrastructure is. This is completed in the following table. 
 
Research 
Infrastructure 
Definition  
(Provided by Merriam Webster) 
Facilities - Something that makes an action, operation, or course of conduct 
easier 
- Something that is built, installed, or established to serve a particular 
purpose 
Resources - A source of supply or support : an available means 
Services - The occupation or function of serving 
- Useful labor that does not produce a tangible commodity 
Equipment - The set of articles or physical resources serving to equip a person or 
thing 
Knowledge - The sum of what is known : the body of truth, information, and 
principles acquired by humankind 
Computing  
Software 
- The entire set of programs, procedures, and related documentation 
associated with a mechanical or electronic system 
 
 
Table 1. Research Infrastructure Categorized and Defined 
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Using these terms and adjoined definitions it becomes possible to understand what 
qualifies as research infrastructure within the scientific community. This thesis discusses 
both the means of production and the impacts a research infrastructure such as the MDL 
can have on interdisciplinary research and our built environments based on the following 
research question. 
 
Research Question 
 The research question explored and answered within this thesis asks how a mobile 
research and diagnostics lab can be developed and constructed to enhance interdisciplinary 
building science research through the affordance of infrastructure. Research infrastructure 
is defined and through a comparison of capacities within the MDL its achievement is 
discussed. The theoretical framework has been introduced to provide the context leading 
up to the research question including societal issues and contemporary thinking. The MDL 
development chapter which follows is used to describe how the question is answered in the 
form of a design-build experiment. The final chapter of the thesis includes an analysis of the 
projects ability to act as research infrastructure concluding with potential impacts on 
building science, energy issues, and the production of our built environment. 
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CHAPTER 2:  MDL DEVELOPMENT 
 
 
 The Mobile Diagnostic Lab (MDL) is an interdisciplinary research platform for 
implementing and analyzing building science through the utilization of a custom design and 
built trailer. The lab was designed as a collaboration between students and faculty in the 
departments of Architecture, Mechanical Engineering, Electrical Engineering, and Civil 
Engineering. The MDL is developed to function in accordance with the following research 
goals:  
1. Create a mobile unit capable of engaging multiple sites, communities, and 
environmental conditions 
2. Enable passive, active, and hybrid ventilation schemes 
3. Afford space and infrastructure for heating, cooling, and comfort testing 
4. Detail an interior finish which adapts to future technology changes and 
maintenance 
5. Provide a section of wall which is removable while supporting the testing of 
experimental materials and assemblies 
6. Support and allow for the implementation of a data acquisition system which 
collects and relays environmental variables. 
These research goals were developed during meetings with each of the research 
teams involved in the project. The goals were used to develop each of the capacities listed 
within the design development phase of this chapter and are a response to both the case 
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study analysis as well as research interests. Using these goals and capacities the ability of 
the MDL to act as research infrastructure is analyzed and its impacts are discussed.  
The development of the MDL was divided into five phases and took place over the 
course of twenty-five months. Concept, Research, Design, Construction Documents, and 
Construction were utilized in the creation of the MDL with each phase dealing with different 
aspects of the projects final form. The concept phase posed what the lab could and should 
be through the exploration of needs and opportunities. Research was conducted to devise 
what the MDL could accomplish, based on the state of the art and existing facilities 
attempting similar work in building science. Design was treated as a process of document 
development and exposure, utilizing vast areas of expertise within building science at Iowa 
State University to gain insight into the spatial quality. Construction documents were used 
to develop methods of assembly and to predict material and time requirements necessary 
for the project’s completion. Construction was completed by hourly research students who, 
with the aid of university, professional, and manufacturer guidance, built the mobile 
diagnostic lab. The graphic below and following paragraphs outline each of these phases, 
what activities took place, and how each phase transitioned to the next.
17 
 
 
Figure 2. MDL Development Dynamics
1
5 
16 
 
Concept 
 
The initial design concept for a 
mobile lab was introduced by the CBER 
director, Ulrike Passe, as a means of 
enhancing building science research 
infrastructure at Iowa State University 
within the goals of the Iowa NSF EPSCoR 
project. This phase of the project lasted for 
one month as other research teams were 
informed and a plan was developed. In 
response to lessons learned with the 
Interlock House and MiDAS systems the MDL sought to combine the capacities of data 
acquisition and a facility into a single, mobile, unit for easier use by CBER researchers.  
In this phase of the project both CBER team members and ISU researchers were 
engaged in the process through scheduled meetings and consultations. Included in this 
phase of planning were a range of disciplines, each touching on a vital portion of the project 
from HVAC systems to electrical work. Including these individuals in the decision making 
process early on avoided coordination issues later in the project. ISU and its purchasing 
department were also involved as budgeting and storage constraints were discussed. By 
organizing both our thoughts and the team around the concept a strong foundation was 
prepared and the research phase of the project could begin.  
 
Figure 3. MDL Concept Phase 
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Design Research 
During the research phase of the 
project a combination of case study analysis 
and literature review were utilized to 
discern what a contemporary building 
science lab could be.  This phase required 
two months to complete (September 2015 
– November 2015). The entire CBER team 
was brought onto the project at this time to 
help with the research process. During this 
time more meetings were held with expert 
researchers at the university in departments such as mechanical engineering, meteorology, 
and civil engineering to guide the project in its early stages. This process involved student 
and faculty input and was completed during collaborative meetings and presentations of 
case study data before design of the mobile lab preceded. Research into technical 
components such as sensors and data acquisition was also conducted and supplemented 
with existing methods of data collection validated by the Center for Building Energy 
Research (CBER) team in the form of the MiDAS. 
Eleven case studies based on existing building science laboratories were chosen to 
develop a comparison for the project. These were then analyzed to compare scale, research 
capacity, and services provided. Divided into three types, these categories included theory 
based labs (2), research facilities (6), and mobile labs (3). These case studies allowed the 
Figure 4. MDL Research Phase 
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design team to gather solutions and potential outcomes which already existed before 
visualizing the MDL as a finished space. 
 
Figure 5. Theory Lab Case Studies 
The theory based labs, POPlab MIT and Laboratory for Applied Building Sciences, 
emphasized processes and planning practices in their mission statements. Each of these 
labs congregates around theory as an experimental tool and in response delves into areas of 
research which are often not measured by scientific instruments. Engaging with these labs 
through case study analysis was done in an attempt to pull any theoretical experiments into 
reality with the use of a new MDL. These labs however lacked any detailed description of 
the technology they were using or in depth documentation of their theoretical methods. 
They also did not feature in their published sources public or industry services that could 
utilize the lab infrastructure. In response to these limitations the MDL was imagined to act 
as both a source of theoretical or experimental knowledge as well as an outlet for public 
engagement through tours and online databases of published information. While the 
theoretical labs provided an interesting basisfor thought and speculation the following 
19 
 
facilities give a more detailed description of the instruments needed for a laboratory to 
function. 
 
Figure 6. Research Lab Case Studies 
The research facilities studied were all structures bound in place but often featured 
training or hands on experience opportunities. The facilities acted as both a location for 
equipment and technology, as well as a space for learning and engagement. The technology 
20 
 
utilized within these facilities was meant to provide research and systems diagnostic 
information, as well as drive the state of the art practices. Many of these facilities offer 
industry training and public awareness opportunities through onsite tours and published 
web materials. After analyzing these research facilities individual pieces of equipment as 
well as methods of data collection could be discerned and utilized. The MDL was foreseen 
to act as a training facility for producing and testing assemblies on a given site while also 
engaging students, communities, and industries, in energy utilization issues. While these 
stationary structures offered important information on building science laboratories they 
lacked the mobility which the following labs provide.  
 
Figure 7. Mobile Lab Case Studies 
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The mobile labs reviewed for the design of the MDL were all compact units with a 
capacity to be transported from one place to another. Their spatial allocation and 
technology is minimal and efficiently placed to accommodate occupants and research 
needs. The research each lab conducts is unique and while it does not always require a 
mobile unit the ability to become mobile increases the lab’s impact and research areas. 
None of the mobile labs which were reviewed specifically conduct building science research 
but the study of how a mobile space is composed and constructed was helpful in 
understanding how the MDL could be designed. Each of these labs offers services to 
communities and industries which are aided by ease of transport from site to site. By 
combining the theoretical and practical research influences uncovered in this study the MDL 
was created to not just replicate these facilities but to fill a gap in existing precedence for 
building science research infrastructure. 
Using this analysis potential iterations of the lab were developed which included or 
expanded upon many of these features as a means of increasing research infrastructure at 
the university as well as enhance its impact on public awareness and industry engagement. 
Combining all of the capacities reviewed into a single unit was not possible when 
considering the constraints needed to maintain flexible mobility. Maintaining the ability to 
be pulled behind a standard vehicle as well as be parked in an average parking space 
required a mobile unit less than eight feet wide and 20 feet long. The careful selection and 
implementation of research tools compatible with the research teams needs became a 
design driver within the process.  
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The question of services was developed during this stage of the project as it is noted 
that often in the case studies services are divided between industry based and community 
offered interactions. While some labs were funded and supported by industry entities 
others were engaged in public outreach to both market their services and develop 
awareness. The lab which the team sought to create was meant to balance these two 
entities and provide opportunities for cross engagement of the two.  
The technology which was outlined in the descriptions of each facility provided some 
baseline information for what was needed to complete building science research though 
often key details were excluded. This information was useful during the identification of the 
data acquisition system, HVAC units, and research areas. Using these case studies as a 
comparative tool alongside CBER, and NSF / EPSCoR goals the mobile lab was defined to be 
a series of capacities built to enhance research infrastructure. 
Design Development 
 Transitioning to the design 
development phase of the project 
involved engaging material vendors, 
contacting contractors, and coordinating 
with institutions such as the Iowa 
Department of Transportation (DOT) and 
ISU Purchasing. This phase of the project 
required five months to complete 
Figure 8. MDL Design Phase 
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(November 2015 - April 2016) as options were illustrated and discussed and initial 
conversations with parties outside the university were completed. The trailer was defined 
during this stage to be constructed as a custom built trailer. Justifications for material 
acquisitions, system components, and contractor work were delivered to the purchasing 
department and a work plan and intended modifications to the custom-built trailer after 
arrival was also presented to the Iowa DOT to determine road worthiness. These processes 
required preparation and planning by the CBER team before the MDL had been fully 
developed but ensured responsible use of funding and time. 
The scope of the project was defined during this phase through a series of iterations 
testing the boundaries of what a mobile diagnostic lab could be. Through various modeling 
and sketching exercises using digital software, multiple options were entertained before the 
end project was realized. The design development of the mobile diagnostic lab involved 
collaborations and presentations among students and faculty from civil, mechanical, 
electrical, construction, and computer engineering. The design process was utilized as a 
means of documenting human and research needs in the form of spatial options and 
technology required and then exposing those documents to experts and stakeholders. By 
conducting design in this way the use of a space is not defined by a single person but 
instead is collaboratively created by the people who will utilize it. In the case of the MDL, 
systems and technology must be planned and installed both quickly and safely. This is done 
so that the project is constructed with the allotted time and budget while ensuring safe 
human operation during research. The design phase took place over a period of one year 
and its length can be contributed to factors such as lack of similar precedent projects, 
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students of varying levels of expertise and time commitments, as well as funding/budgetary 
constraints and outside contractor obligations.  
Without a distinguished expert on building science laboratories to guide the project 
and aid early design, aspects of similar projects (featured in the case studies section), as 
well as existing knowledge within the CBER team were combined to produce design 
documents. These documents consisted of a series of diagrams and technical drawings used 
to expose the team and experts to the current iteration of the mobile lab. The documents 
outlined the means by which the build team intended to construct the environment as well 
as how specific systems would coincide. Through this process of exposure CBER and fellow 
research teams at Iowa State defined the research capacities as listed below; 
 
Mobile Diagnostic Lab Research Capacities 
 Mobile Unit (8’ x 20’ Air Ride Suspension Trailer)  
 Operable Windows (2 Residential Grade Windows) 
 HVAC System (Packaged Thermal Heat Pump and Radiant Floor) 
 Data Acquisition System (Temperature, Relative Humidity, Wattage Consumption 
Sensors) 
 Removable Interior Finish (Sensor Maintenance and Adaptation) 
 Removable Wall Section (Materials and Assemblies Testing) 
 
These research capacities were derived through various meetings and interactions 
with researchers at the university who intended to use the lab upon completion to advance 
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their research capacity. Each of the capacities described is adaptive in its ability as a piece of 
research infrastructure to be altered through time in response to changing research areas 
and technology. Through the iterative development of these capacities answers to 
questions of the sensor layout, opening sizes/locations, material finishes, and 
electrical/HVAC system components were predetermined and coordinated before funding 
was expended. 
 
Figure 9. MDL Design Options 
 The graphic above is an example of the type of design drawing used during these 
early stages of development. Two completely different schemes are introduced, discussed, 
and criticized before moving forward. Changes to scale, material composition, and assembly 
afford different limitations and capacities which must be discussed. The aid of visual 
graphics in this conversation allows for a common ground to be developed as terms and 
ideas are moved out of the uncertainty of discussion and documented in the form of 
diagrams. This process ensures that research capacities and design intention both respond 
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to the needs of the researcher before construction begins and changes to the design 
become more expensive.  
Iterations of the lab included options such as solar panels for energy collection and 
utilization, handicap accessible entry, a shelf for removable wall section (RWS) 
maintenance, a smaller constructible unit, as well as an interchangeable cladding and 
window system. These forms and features did not manifest in the final product due to 
spatial, budget, or research constraints but their consideration was necessary to develop 
the capacity of the lab. Maintaining key features essential to research capacity became the 
decision guiding mechanism for including functional or aesthetic components. The final 
result is a combination of the spaces and forms suggested by earlier iterations that create a 
synergy of research capacities packaged within the mobile diagnostic lab as shown below. 
 
Figure 10. MDL Iterations 
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Utilizing each iteration as a tool for discussion issues were exposed and overcome 
before construction began. As capacities are discussed and new perspectives are engaged, 
changes were made to the overall form and function of the trailer. With the help of six 
iterative models the final stage of the MDL is a resolved version of the research capacities 
requested and depicted in the final image at iteration 6 above. After searching for potential 
contractors, BECKER Custom Trailers was found to be able to assemble a trailer with our 
basic requirements as is in the isometric images below; 
 
Figure 11. BECKER Trailer Product 
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Once a final iteration was achieved the design could move forward with the detailing 
of the mobile unit. This was done through the calculated isolation of moments in the 
construction where materials and systems join together. Through exercises of three 
dimensional modeling and representation in the form of graphic documents these moments 
were uncovered.  Investigating resolutions to these connections before construction began 
allowed for assembly to occur quickly and easily. Considering the assembly of the unit was 
important for its production but other factors 
including energy consumption were also 
affected by the process of material allocation 
and construction.  
The evaluation of the energy 
performance of the MDL’s envelope and 
building components of before construction 
was achieved with the use of an energy 
simulation program 
called DesignBuilder 
Version (2014). This 
program allows for the 
assessment of an 
environment’s built 
qualities. Alternative 
solutions to 
Figure 12. DesignBuilder Model 
Figure 13. MDL Lighting Analysis 
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construction can be weighed before a project is brought to fruition.    
These analyzed qualities included thermal performance of wall assemblies, lighting 
analysis, airflow dynamics, and heating/cooling loads in response to local climate. Using 
these factors during the design phase can prompt energy efficiency in the sizing of heating 
and cooling systems as well as effect human comfort and performance.  
While energy modeling tools have become more reliable in their user interaction as 
well as information output, the process does not consider how the use of typical data to 
calculate potential performance differs from the process of direct measurement. Without 
validation it is uncertain whether or not an assembly will perform as design tools suggest 
until after construction and measurements have occurred. In most simulation tools the user 
is required to input information into the model providing an opportunity for errors to occur. 
The use of a platform which can allow for early experiments in building assemblies to be 
tested using data collected from an assembly could be used to fill the gap in existing 
methods of building design. By creating a platform and method for testing new assemblies, 
innovation can occur within existing building practices prior to full scale construction. As 
new forms of building are tested by the MDL and their performance compared, existing 
methods can be weighed against experimental types. By comparing new and old methods 
without needing to construct an entire building, innovative solutions to building design can 
be identified and then utilized as perturbations within existing construction practices. These 
perturbations allow for issues of energy consumption, thermal performance, and human 
operability to be addressed through measurement and analysis. The MDL as a research 
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infrastructure affords this testing and creates opportunities for these assemblies to be 
utilized in the development of our built environment. 
 
Construction Documents 
Transitioning from the design phase 
to construction documentation was not 
done in a days’ time and arguably these two 
phases were inseparable from each other. 
Information was gained during this process 
which informed the design and changes 
were made. This stage of the project 
continued for 5 months before construction 
began (April 2016 – October 2016). During 
this stage material orders were placed, 
construction processes were developed, and contractor installs were scheduled. A set of 
drawings were produced which outlined materials, tools, and processes which would be 
needed to complete each task. During this phase of the project shop drawings from the 
trailer manufacturer BECKER were reviewed and all other architectural components were 
coordinated with the trailers structural members.  
The documents utilized in the construction of the mobile diagnostic lab were 
produced by architecture students and presented to other members of the research team 
and faculty for review. This process was done in tandem with the design stage and further 
Figure 14. MDL Construction Documents 
Phase 
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efforts were needed during construction as well as unforeseen issues arose on site. The 
three-dimensional modeling software SketchUp (Version 2016) was used to model and 
document spatial constraints and needs during the design phase of the project. Once all 
design requirements had been documented, detailed sections were then exported from the 
program and annotated or revised within AutoCad (Version 2016) allowing for dimensions 
and material properties to be overlaid. These drawings were then compiled and presented 
within a book prepared in Illustrator (Version 2016) for their usage during construction. This 
process ensured that the scale of the project was understood and all areas were possible to 
construct while details of attachment and potential collisions could be foreseen and 
avoided. An example of a construction document for the MDL can be seen below outlining 
the partition wall construction;
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Figure 15. Partition Assembly Construction Documents
3
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Construction 
Moving from the construction 
documentation phase to the construction 
phase required that all materials and 
necessary systems were in place and that 
construction processes had been discerned. 
During this stage of the project the fewest 
number of team members were utilized and 
meetings were reduced to make time for 
production to occur. This phase of the 
project required twelve months to 
complete (October 2016 – September 2017) and engaged both students and contractors. 
The construction process was completed indoors at the IEC BECON facility in 
Nevada, IA by hourly research students from disciplines including architecture, civil, and 
mechanical engineering. Students in teams of two worked onsite five days a week for four 
to eight hours at a time to build the MDL. Contractors which were hired to complete 
portions of the project that required a technicians expertise, such as for the installation and 
priming of the packaged thermal heat pump, and the installation of the electrical systems 
high voltage components. Students completed all other phases of the work including 
insulation of the envelope, construction of the removable wall section, installation of the 
data acquisition system, and all interior finishes.  
Figure 16. MDL Construction Phase 
34 
 
The stages of construction were divided into phases based on the order in which 
major material installation tasks took place in the process as outlined in the figure below; 
 
Figure 17. Construction Sequence 
 With the work divided into manageable phases students were then able to construct 
the lab using the documents provided, along with oversight and expertise from faculty and 
staff at BECON and ISU. Common tools such as drills, an orbital saw, circular saw, band saw, 
drill press, metal break, tile saw, electrical sander, and other hand tools were utilized in the 
construction of the space. These relatively simply tools were used to shape and install 
materials of all types including aluminum channel, steel, plywood, polystyrene, 
polycarbonate, porcelain tiles, and sheet metal. Through iterations of development onsite 
as well as team insight and overview, aesthetic and functional solutions were implemented 
that originated within the construction documents but were adapted to utilize available 
materials, time, and expertise. This process of construction was not one featuring a clear 
start and stop, issues were encountered and had to be overcome through the utilization of 
design thinking and team based solutions. Below is a photographic overview of the 
construction progress during the labs production. 
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Figure 18. Construction Process Photos 
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CHAPTER 3:  ANALYSIS AND CONCLUSION 
  
The mobile diagnostic lab was created and developed to enhance building science 
research capacity at Iowa State University through the development of an interdisciplinary 
platform. By designing and constructing a mobile unit containing tools for building science 
research to occur using student labor from different disciplines and expertise this goal has 
arguably already been achieved. Both the process of making a mobile diagnostic lab as well 
as the act of using it advances building science research. The conclusion of this thesis 
outlines the way in which the MDL acts as research infrastructure and its impacts on the 
people and communities who engage with it.  
 
Analysis 
By utilizing the design 
process as a means of exposing 
the projects schematics to faculty 
from departments in engineering 
and design, the project was able 
to gather and imbed relevant 
research capacities for use after 
construction. Composing a 
mobile space which both satisfies 
research requirements while also 
Figure 19. MDL Research Capacities 
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functioning as a built environment requires an identification of synergies among 
components. The arrangement of these research needs and capacities are outlined in figure 
nineteen. 
The research capacities implemented within the MDL are utilized in this analysis to 
discuss the ways in which the lab was able to successfully implement the design intention 
brought on by our extensive design process.  Reviewing each capacity, how it was 
implemented, and its intended usage as a research tool provides insight into how the lab as 
a unit will aid in enhancing research infrastructure, the key goal of the MDL. A table of the 
capacities within the MDL as well as the goals which provoked them is below; 
 
 
Research Goal Research Capacity 
- Create a Mobile Unit Capable of Engaging Multiple 
Sites, Communities, and Environmental Conditions 
Defined by the CBER Research Group 
8’ x 20’ Air Ride Suspension Trailer 
- Enable Passive, Active, and Hybrid Ventilation 
Schemes 
Defined by the Mechanical Engineering, and CBER 
Research Groups 
2 Operable Windows 
 
- Afford Space and Infrastructure for Heating, 
Cooling, and Comfort Testing 
Defined by the Mechanical Engineering, and CBER 
Research Groups 
HVAC System (Comfort Testing, 
Energy Analysis) 
- Detail an Interior Finish which Adapts to Future 
Technology Changes and Maintenance 
Defined by the CBER Research Group 
Removable Interior Finish (Sensor 
Maintenance) 
- Provide a Section of Wall which is Removable while 
Supporting the Testing of Experimental Materials and 
Assemblies 
 
Removable Wall Section (Materials 
and Assemblies Testing) 
Table 2. Research Goals and Capacities 
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Defined by the Structural Engineering, Civil 
Engineering, and CBER Research Groups 
- Support and Allow for the Implementation of a Data 
Acquisition System which Collects and Relays 
Environmental Variables.  
Defined by the Mechanical Engineering, and CBER 
Research Groups 
Data Acquisition System 
(Temperature and Relative 
Humidity) 
 
The CBER team acknowledged early on in the design process that research 
requirements are ever-changing and an attempt to identify and solidify these requirements 
would more than likely become obsolete with time. Using this understanding as a design 
trait, flexibility and the opportunity for change were implemented into the lab through the 
design and construction of a series of adaptive capacities. These adaptive capacities enable 
alterations to the system as a whole easier should the need for new research capacities 
arise. An overview of each of these capacities and their impacts on research infrastructure 
are outlined in the following paragraphs.  
Mobility of the MDL was important to allow for a variety of external conditions to be 
measured and utilized as environments for testing materials and wall assemblies. The ability 
to move the lab opens up opportunities for public outreach and onsite educational 
opportunities as the lab can be brought right to those who seek to use it. The mobility of 
the structure also allows for multiple orientations to cardinal directions to be tested and 
measured, prompting many studies into passive ventilation and comfort as they relate to 
occupants. The mobility of the lab was achieved by placing all the necessary systems and 
components onto a trailer. By placing these components onto a mobile platform that could 
be pulled behind a vehicle the packaged unit becomes more adaptive in its utilization 
ability.  
Table 2. (continued) 
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The operable windows installed in the MDL were purchased from Pella Windows and 
were chosen in lieu of the typical trailer windows for their quality and likeness to residential 
grade fenestrations. The placement of the windows in the façade may seem strange in its 
offset configuration but it is this alignment which allows for passive ventilation studies to be 
conducted utilizing multiple air flow paths. This was a capacity requested by the researchers 
on our Mechanical engineering team to enable the validation of air flow turbulence models 
and was accommodated within the mobile lab. The use of passive ventilation in our built 
environments can lead to a reduction of active system use and in turn reduce energy 
consumption. The CBER team currently conducts research using the Interlock House to 
perform research on passively ventilated environments but with the aid of the MDL can 
conduct the procedures in their own lab and at multiple locations.  
The HVAC system incorporated into the lab includes both a packaged thermal heat 
pump (PTHP) as well as a radiant floor. The 
PTHP allows for air flow and temperature 
to be monitored while also creating a 
conditioned interior environment for 
testing at certain temperatures. The HVAC 
system is mounted to the ceiling of the 
mechanical space and supplies air to the 
experimental space from either an 
external or internal source depending on 
research requirements. The radiant floor 
Figure 20. MDL HVAC System 
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system is an alternative heating method installed beneath the flooring in the experimental 
space. These systems together can be utilized during ventilation studies to achieve multiple 
means of interior conditioning as well as thermal stratification These components were 
originally requested by the Mechanical Engineering team to be utilized in validating 
computational fluid dynamics models. These 
systems also provide the opportunity for 
further research into demand control 
ventilation, human comfort, and system 
efficiency experiments. 
The data acquisition system (DAS) 
installed within the lab uses hardwired 
sensors to collect environmental variables of 
the interior and the assembly within an 
established grid to develop a performance 
baseline. This system was designed and 
tested by the Center for Building Energy 
Research in the form of a data collection 
method known as MiDAS for measuring and 
analyzing environmental variables in spaces. 
The MDL adapts this method to its context 
through the addition of sensors for more 
detailed data collection including relative 
Figure 21. DAS Layout 
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humidity. This data acquisition system uses thermistors (Model # 223-1534-ND, Accuracy 
+/- .1 C) to gather temperature data via a hardwired connection to reduce data noise and 
increase accuracy. Noise in this instance is defined as the interference created by 
undesirable electrical signals sometimes found in systems using wireless components 
(Jones, 1993). The temperature data in the lab is collected by 220 thermistors arranged in 
gradients within the wall assemblies and shown in Figure 20 above. The experimental space 
of the lab is made up of six surfaces with each one featuring a complete wall gradient at the 
center of the surface as well as a relative humidity sensor. This complete wall gradient is 
measured by applying a thermistor within the wall assembly at each change of material and 
provides a more detailed measurement of assembly performance in terms of heat transfer, 
as noted in Figure 21 below. 
Heat transfer in this situation 
is analyzed as a rate that considers 
the time it takes for heat to conduct 
through the wall assembly as a 
measure of performance. This data is 
essential to understand the position 
of the dew point in a wall assembly. 
The majority of gradients are made 
up of two sensors with one placed 
behind the exterior most material 
and the second installed on the 
Figure 22. Wall Section Sensor Placement 
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interior finish of the space. Using this placement a temperature differential can be 
determined and the rate of heat transfer through the wall can be analyzed. The interior 
most sensors are fitted with a shield meant to block solar radiation from effecting 
temperature readings and made of a single piece of bent sheet metal. This shield has 
ventilation holes at the top and bottom to allow the passage of air and to prevent heat 
buildup while also featuring a black coating on the interior to absorb any radiation which 
infiltrates the shield. 
 
 
  Relative humidity (RH) within the lab is considered and analyzed as well, given that 
human comfort can be defined as a combination of environmental factors including 
temperature, wind speed, and relative humidity (Nicol, 2012). Relative humidity is defined 
as a ratio often expressed as a percentage of the maximum water vapor pressure possible 
at the temperature in question (Nicol, 2012). Collection of RH data is accomplished through 
the placement of a sensor (Model # HMP60-L30-PT, Accuracy +- 3-5%) purchased from 
Campbell Scientific on each interior surface of the experimental space and the mechanical 
Figure 23. Radiation Shields 
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space with the exception of the RWS which has two sensors to create a gradient between 
the interior and exterior materials. 
 The lab’s power consumption is also measured by the data acquisition system with 
the use of a WattNode Modbus (Model #WNC-3Y-208-MB, Accuracy .5%) purchased from 
Continental Control Systems and placed onto the power supply cords of the HVAC, DAS, and 
lighting systems. This information provides insight into the performance and consumption 
of each system which can guide operation strategies and system design to reduce energy 
consumption. 
Allowing for the interior finish of the lab to be removable was important to ensure 
that both future maintenance and transition to new technologies could occur. This was 
requested by the Architectural research team and would be necessary in the event of newly 
added sensors. In order to achieve this, sections of polycarbonate were cut to fit within the 
lab and bolted to the wall from the inside. A piece of weather-stripping was adding to the 
perimeter of the panel to keep air from migrating through the wall and a small wrench is 
used to remove or replace the nuts. This configuration allows sensors to be maintained and 
for the interior finish to be replaced in the future.  
The removable wall section (RWS) of the lab was a component requested by the Civil 
Engineering team and will be utilized as a testbed for materials and assemblies research. 
This portion of the lab was required to support up to 500 pounds of material while stopping 
any flow of air or moisture through to the experimental space of the lab. In order to achieve 
this the structural member’s size and placement had to be coordinated with the BECKER 
team while the detailing and building of the panel was completed by the CBER team. Bolting 
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the panel to eight connection points within the wall secured it in place. A rubber gasket 
threshold running along the opening with two layers of weather-stripping keeps the two 
spaces separated. A clear polycarbonate panel is applied to the interior side of the space 
providing a translucent window to the material encased in the wall. This component of the 
lab allows for the change out and testing of alternative materials and assemblies which can 
be measured for their energy efficiency before full scale construction occurs.   
By incorporating these requested research capacities within the mobile lab new 
innovations into building science are enabled through experimentation and analysis of data. 
This data can then be shared using online resources leading to future advancement of 
building science. The documentation of these components within this thesis is meant to aid 
in their usage as well as prompt their replication and advancement within building science 
research. 
 
Research Infrastructure 
 The main goal of the MDL and research question of the thesis centers on the 
question of how a mobile lab can be produced to enhance interdisciplinary building science 
through the affordance of research infrastructure. Referring back to the definition of 
research infrastructure introduced in Chapter One the term is broken down into its 
components and compared against the MDL to discern its qualification. Each category of 
what defines research infrastructure has been outlined and in the following paragraphs as a 
description of how the MDL satisfies these requirements. Finally potential limitations are 
discovered and discussed.  
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As a facility the MDL is a 160 square foot enclosed trailer which can be transported 
from one location to another. The contained volume is just under 2,000 cubic feet and 
capable of operating as a controlled chamber with variable temperature, air supply, and 
lighting conditions. This lab was established and built in order to make building science 
research easier to conduct at Iowa State University by students and professionals alike. As a 
facility parked on Iowa States campus this space is the most accessible building science lab 
available to university researchers. The major limitation to the use of the MDL as a facility 
lies within its size as the scale of the space only supports events which can occur within it. 
The creation of a larger facility could have allowed for more equipment and space for 
experimentation but would have hindered the mobility of the unit.   
As a resource the MDL supports building science research through the enclosure of 
an experimental space as well as the equipment and data system required to make it 
functional. The lab acts as a resource by exposing researchers to building science equipment 
and information as well as through the networks it creates between researchers. By 
publishing all of the collected data and developed research the MDL can expand its impact 
to become a resource for building science research which is attainable by anyone. In order 
for this to be achieved an online resource must now be created which collects and relays 
information gathered to those who monitor it. Publishing this data allows for the lab to 
function as a resource for both researchers and the public.  
 The services provided by the MDL include materials and assemblies testing, human 
comfort testing, computational fluid dynamics model validation, and energy utilization 
analysis among many. These services are offered by the CBER team in accordance with their 
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research and all relevant information will be published for public accessibility. The lab is 
capable of offering these services to industry, community, and academic entities as a 
contained space which makes these forms of research possible. The limitations of such 
research are defined by the researchers who conduct it. While the space has the capacity to 
create and monitor conditions it requires humans to deliver these services. 
Throughout the design and construction of the MDL research equipment, materials, 
and tools were purchased and implemented into the project. The data acquisition system, 
HVAC equipment, and windows are all examples of equipment which is utilized in the 
operation of the MDL. These pieces of equipment operate as physical resources and their 
usage is not dependent on their implementation within the MDL. As equipment they have 
the ability to be utilized in other projects or replaced over time as innovations occur. This 
equipment is useful in creating the experimental conditions requested by researchers but as 
operable objects will break down and need to be replaced over time. A maintenance plan 
and manual for operation will aid in the prompt response to these issues as they occur. 
The knowledge which can be gained from the operation and study of the MDL has 
the potential to enhance both building science research and the construction of our built 
environment. Alternative materials and assemblies can aid in the replacement of current 
methods which exacerbate issues of climate change. Through experimentation with the 
RWS new solutions can be provoked. Introducing the MDL as a tool for use by students and 
researchers in the fields of architecture and engineering allows for this knowledge to be 
utilized by individuals who can have a direct impact on industry as they pursue careers. The 
data and analysis collected from the DAS is published by CBER researchers and contributes 
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to public knowledge on building science and alternative technologies. Without the aid of an 
online platform to disperse this information its review will only be completed by ISU 
researchers. Engaging a wider audience in issues of building science can prompt new 
solutions to old problems while informing the general public of current issues.    
The MDL collects and relays data to researchers through the use of the data 
acquisition system. This system collects information from the interior environmental 
variables and logs it for future analysis and use in building science research. Use of this 
system allows testing and experimentation to occur as changes to conditions within the 
experimental space can be controlled and evaluated. Through the use of a data acquisition 
system information can be gathered in an unbiased way and utilized by a variety of sources. 
This portion of the project also requires an online platform in order for results to be 
available to individuals outside of the university. 
As research infrastructure the MDL was built and operates as a combination of 
components which support the advancement of science. The examples provided in the 
previous paragraphs showcase the many ways this unit enhances building science through 
the affordance of capacities which both allow and provoke experimentation. The very 
nature of the unit and its combined systems draws together expertise from various 
individuals in an attempt to produce solutions to energy utilization within our built 
environment.  
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Conclusion 
The opportunity for interdisciplinary research to be conducted is enhanced by the 
mobile diagnostic lab (MDL). Individuals who conduct building science in varying fields can 
produce solutions together as communication is expanded and new perspectives are 
engaged in issues of our built environment. The ability to test and measure the 
performance of innovative materials and assemblies has a direct impact on building science 
research in the form of alternative assemblies and publishable research and new 
knowledge. By increasing research infrastructure at Iowa State the opportunity to be 
awarded more funding in the future will also present itself as the tool developed is 
leveraged toward new advancements.  
 This lab has the capacities to affect both our educational processes as well as the 
ways we construct our built environment. Through cross discipline engagement new issues 
can be brought forth as the full potential of building science is made apparent in our built 
environments. Attempts to produce assemblies such as the perfect wall can be tested in 
multiple locations using the MDL and in turn its faults and limitations can be evolved. By 
bringing disparate minds together to discuss and solve problems, methods of 
experimentation can provoke solutions to issues of excessive energy usage and material 
allocation prompting much needed change in the ways we construct our built 
environments. Architectural design and the planning of our communities can be impacted 
by the ways in which our environments are constructed and science makes those impacts 
measureable. The MDL as a tool used by architects and engineers who design buildings can 
expand perspectives on energy usage to counteract the negative effects current building 
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patterns impose on occupants. Through this process of exposure issues of climate change as 
they are impacted by our built environment can be understood and mitigated.  
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